Abstract-A split-plot field experiment, with watering as main plot and with fertilizer as sub-plot, was conducted in degraded sandy grassland in Horqin Sandy Land. Four treatments (0mm, 30mm, 60mm and 90mm) for watering and four treatments (0 kg/hm 2 , 150 kg/hm 2 , 375 kg/hm 2 , 600 kg/hm 2 ) for fertilizer as nitrogen were designed. Results showed that the soil water storage was significant affected by rainfall in this grassland. Watering treatment had significant influence on the soil water storage in 0-30cm depths but no significant influence for deeper than 30cm soil layer. Both the watering and fertilizer took important roles in increasing biomass in degraded sandy grassland. The highest above-biomass appeared at the plot in 90mm with 128.3g/m 2 among watering treatments and at the sub-plot in 600 kg/ha with 147.3g/m 2 between fertilizer treatments, respectively. The water consumption and WUE of each of treatments was 379mm / 0.28 kg/mm·hm 2 in 90mm treatment, 350mm/0.38 kg/mm·hm 2 for 60mm treatment, 313mm / 0.34 kg/mm·hm 2 for 30mm treatment, and 294 mm /0.35 kg/mm·hm 2 for control (0mm), respectively. Based on comprehensive analysis, we can conclude that the basic amount of evapotranspiration in this grassland was 294mm.
INTRODUCTION
The sandy grasslands that have been desertified by overgrazing accounted for 40% of total desertified area in Horqin Sandy Land, a typical agro-pastoral transition zone in Inner Mongolia, North China. The restoration of degradation vegetation, in particularly, on this sandy grassland, has been to a top priority by lots of researchers in past 10 decades [1, 2] . Previous research indicted that lots of approaches can make a successful restoration of this kind of land degradation, and increasing the grassland productivity, such as fencing, seeding legume, reducing grazing pressure, rotation grazing, and increasing cultivation grassland area [3, 4, 5, 6] . Meanwhile, irrigation and fertilization in semi arid regions usually have been thought a best way to increase diversity of vegetation and to keep a sustainable unitization and management of sandy grassland [7, 8, 9, 10, 11] . But, there was a little knowledge of the changes characteristic of the soil productivity and vegetation evapotranspiration in degraded sandy grassland under irrigation and fertilization in Horqin Sandy Land, Inner Mongolia, China.
Water always is a main constraint factor in plant development in dry-land area, especially at sensitive growth stage of plant, for example, germination, leaf development and flowering [12, 13, 14] . Some research works showed that irrigation can significantly increase the diversity and biomass of vegetation in arid region, but others said the effect was just slightly or little for increasing grassland biomass [15, 16] . Fertilizer, especially applying for nitrogen on grassland, has taken a stimulative role in enhancing biomass of vegetation in degraded sandy grassland [17, 18] .
This paper is about to examine the irrigation and fertilizer how to affect the soil water storage, aerial biomass and evapotranspiration of vegetation through monitoring soil moisture and biomass periodically in semi-arid and desertification regions. Based on the response of grass in other grassland to water and nitrogen, we predicted that the soil productivity if degradation sandy grassland increases with the increasing in amounts of fertilizing and watering.
II. MATERIALS AND METHODS

A. Location description
Our research area is located at degradation sandy grassland (N 42°55', E120°42', 358m above sea level), which is nearby the Naiman Station of Desertification Research, Chinese Academy of Sciences, in the middle of Naimanqi County, Inner Mongolia. It has a typical continental climate, with a dry and windy spring, a hot and raining summer, a cool and shortly autumn, and a cold and longer winter. A 40-year mean annual air temperature is 6.3°C, and the mean January and July temperature is -13.1 °C and 23.6°C, respectively. The accumulated temperature that is equal to and more than 10 is 3161.2 °C. The frost-free period ranges from 145 to 151 days. Precipitation in this region averages about 365mm annually. The majority (60-75%) of precipitation falls during summer months (June, July and August). The evaporation of pan is 1935.4mm [19] . The main landform is gentle undulation sand dunes with scattering moving dunes, sandy grassland and cropland. There is aeolian soil which has been instead of the originally zone soil that is sandy chestnut soil because of desertification processes, which is usual with a low organic matter and a low soil productivity. The main community is Artemisia halondendron, Artemisia scoparia, Chenopodium acuminatum, Chengopodium macrocarpum, Salsola collina, Setaria viridis,and cleistogens caespitosa in this degradation grassland [1, 2, 7] .
B. Experiment design and Methods
Using barbed wire fencing 0.8 hectare land (200m×400m) which is located in a degradation grassland with the typical vegetation and an open and undulated topography, was been chosen to carry out this experiment. The experiment had a split-plot design with three replications. According to the statistic results of frequencies and amounts of monthly precipitation, 30mm (W2), 60mm (W3), 90mm (W4),and 0mm（W1）as a control were the main plot treatments. Main plot size was 8m × 4m. The watering which was top spray irrigation had been done by a sprinkle can and by hand. A buffer zone of 3m separated between the main plots. Considered the extremely high drought frequency (67%) occurred in spring time, the watering date and amount was chosen in the Table 1 . Sub-plot (2m × 4m) was for fertilizers treatment. Based on amounts of fertilizer which local farmer usually applied in cropland, there were four treatments, such as 150kg/ hm 2 (N2), 375kg/ hm 2 (N3), 600kg/ hm 2 (N4), and 0kg/ hm 2 (N1) as control. It was a total 48 sub-plot. 2m buffer zone was been set up between sub-plots. The fertilizer placed on the surface with urea (46-0-0) as a fertilizer for all application in early of May.
The soil moisture of at depth of 10cm -90cm and top surface (0-10cm) was simultaneously monitored at 5-10 days intervals by neutron moisture meter (CNC503, Beijing Channel Co. Ltd.) and by gravitated methods, respectively. A permanently quadrat (1m × 1m) in each sub-plot was for vegetation survey once a month, such as plant species, amounts of individual, vegetation coverage, and individuals' coverage, and. The community diversity and the monthly aerial biomass in each plot was randomly measured using clipping method in 10 micro-quadrats (0.1 m 2 ). All plant samples dried at oven in 80°C and then weighed. 
C. Calculation ET of vegetation
The eavpotranspiration of vegetation (ET) can be estimated by the water balance equation as follows [20, 21] . P + Ir + RO+D+ΔW -ET = 0 Where P is the precipitation during a certain time, Ir is irrigation, is the runoff, D is the percolation or deep drainage, and ΔW is the change in content of water stored in soil. According to the topography, soil texture condition and rainfall pattern in this research region, the RO and D is too few to measure accurately. So, the equation above can be simplified to one as follows [20, 21] . P + Ir + ΔW -ET = 0
In our study, P, Ir and ΔW were measured and the ET was calculated as the residual.
D. Water use efficiency
In our study, the water use efficiency is the ratio of total aerial biomass (kg/ha) in the plot to the water consumed as evapotranspiration (mm) in the same plot. The calculation equation is WUE = Biomass / Et (kg/mm·ha) [21] .
All the data analysis works, was done in the DPS (Data Processes System Software, Beijing Computer Software Co.)
III. RESULTS
A. Changes of precipitation
Compared with annual mean precipitation, the year 2001 was a considerable drought year with spring drought, summer drought and fall drought simultaneously together in Fig 1. The bar in Fig. 2 indicated the daily changes of precipitation in Naiman region in April 14 -Sep.11 of 2001. Apparently, there were three drought stages in the growth season, such as from the middle of April to the middle of June, from July 5 to July 20, and from Aug.10 to Sep.11. Meanwhile, we found that our irrigation was timed to coincide with the drought occurred really in spring. Some studies showed that the rainfall below 5 mm is basically useless for plant growth in arid and semi-arid area [1, 2] . There were only four events of rainfall which of all was less than 5mm during about 60 days and from the middle of April to the middle of June in Fig.2 . So, those rainfalls were hardly available for grass to use and to grow up.
B. The amount of water stored in soil
There was a bunch of curves of the content of water stored in soil with 0-90cm depth in the four water treatments in Fig. 3 . From these curves change patterns, it was indicated that precipitation had a profoundly impact on the content of water stored in soil. For example, before rainfall coming (before June 15), the change of those curve showed a gradually and slightly decrease with the time. However, the content of water stored in soil increased dramatically with the increase of rainfall during from June 15 to Aug 15, and vice versa. After Aug. 15, the content of water stored in soil decreased gradually and continuously again because of the reduction of precipitation. Although there were a difference in the content of water stored in soil among the four treatments, the amount of adding water in each treatments was too little to have a apparently effect on the water content in soil. Generally, the treatment W1 always was the lowest level of the content of water stored in soil among treatments, but for W2 at the highest level.
C. Effect of irrigation on the soil water content
The curves in Fig. 4 indicated that the soil water content (volumetric soil moisture) vary with irrigated time in treatment W4. We irrigated twice from May 25 to June 11 because of the continuously drought in Fig. 2, i .e. the first was on June 1 and the others was on June 5. The soil water content in 0-30cm depth changed more dramatic than that in 30-90cm depth. In other word, the amount of water of our irrigation took a significant impact on the surface soil (0-30cm) but a slight effect on the deep layer (30-90cm). For example, the soil water content in treatment W4 increased from 4-5% before watering on June 1 to 8-10% after watering on June 3, and increased from 6-8% before watering on June5 to 11-13% after watering on June 6. It apparently spent only 5-6 days that the soil water content attenuated almost to the same status of it before irrigation because of high evapotranspiration under drought condition in early summer. 
D. Changes of aerial biomass in treatments
In order to investigate the clearly relationship between biomass with irrigation and fertilization, the biomass data were analyzed as early growth season (before raining season starting) and whole growth season in each treatments. There was a dramatic difference in biomass among the treatments in early growth season for irrigation treatments. For example, the difference between the biomass of W4 and W3 and that of W2 and W1, which caused by water treatments, indicated a statistically significant in Table 2 . For whole growth season, there was an increase trend of biomass with the increase of irrigation amounts but the difference was not up to a statistically significant. Notice: data (mean ± SD) with different letter within a column indicated significant at P< 0.05 using LSD methods.
For fertilization treatments, the difference in biomass among treatments showed a statistically significant not only in early growth season but in whole growth season as well. There were apparently significant differences in biomass between the N4, N3 and N2 and that of N1 in early growth season, and between the biomass of N4 and N3 and that of N2 and N1 in whole growth season. These result showed that fertilizer took a very important role in improving and increasing the aerial biomass of degradation vegetation. Basically, it was an increase trend of aerial biomass with the increase of the amount of fertilizer applied in this experiment. For example, the treatment N4 harvested the highest aerial biomass among all the treatments, 147.3 g/m2.
E. Evapotranspiration and water use efficiency
Using the equation describes above, the evapotranspiration and water use efficiency of each treatment were calculated and showed in Table 3 . There was the highest water consumption for the treatment W4 with 379mm in all the water treatments, and then for W3 with 349.9mm, for W2 with 313.2mm, and for W1 with 293.5mm. But there was the highest WUE in all treatments was 0.38 for W3, the next were o.35 for W1 and 0.34 for W2, and the last one was 0.28 for W4. These results are entirely consistent with the performances of some crops on water consumption, which it is the highest crop biomass has been reached at a certain amount of its water consumption. And then, even though the crop's water consumption increase continuously, but its biomass does not increase again [18, 22, 23] . So, it indicates a fact that a planted land with the high biomass and high water consumption but its WUE always is not the highest, which is the same as in this experiment.
IV. DISCUSSIONS
A. Effect of rainfall and irrigation on the water stored in soil
The water stored in soil in degradation grassland in Horqin Sandy Land was extremely impacted by precipitation. Based on the curves of daily precipitation in Fig.2 and the water stored in soil in W1 in Fig. 3 , the soil storage water increased with the increase of precipitation, and vice versa. There was a little effect of groundwater on the water stored in soil (0-90cm depth) because the water table in experiment area is deeper than 7m [1] . Precipitation is a unique source of water for soil moisture in this grassland. In other word, the variation of water stored in soil in these plots was directly caused by rainfall. Irrigation is as like rainfall. Generally, the more amount of water was irrigated, the more water stored soil was in the grassland [18] . In our experiment, however, the water stored in soil in plots of W4 was not the highest in all the treatments in Fig. 3 . Except for precipitation and irrigation, thus, plant water consumption was another main factor which affected the amount of water stored in soil in these plots. The irrigation treatments didn't take a significant impact on the water stored in soil in each plot during experiment. Compare with the curve of soil water storage of W1 in Fig. 3 , there was a consistent trend in that of W2, W3 and W4. For example, all of the curves had the same trend with two peaks; one appeared at from middle of June to early of July, and the other at early and middle of August. Comparison with the changes of daily precipitation in Fig.2 , these trends resulted apparently from the impact of rainfall. So, the irrigation only in this experiment had a weak effect on water stored in soil in each treatment. Further more, this result also was supported by the curves of soil moisture in Fig.4 . It showed that irrigation really influenced only on the surface soil (0-30cm depth) but did a weak effect on deep soil. The tendency of changes of water stored in soil in each treatment was the lowest in W1 and the highest in W3. From time viewpoint, that irrigation had taken a limited impact on soil moisture in this experiment may be caused by the spring drought and a long time irrigation interval. The curve of soil moisture in Fig. 5 , for example, showed that it took about 4 to 6 days that the soil moisture after irrigation backed almost to that before irrigation under 15mm irrigation. 
B. Effect of irrigation and fertilizer on biomass of degraded sand grassland
Irrigation and fertilizer is one of the most efficient and priority measures to restore degraded vegetation and improve soil productivity in arid and semiarid area [3, 4, 24] . Lots of literatures showed that all measures, such as irrigation, fertilizer or both, had a progressive role to increase the biomass of degraded grassland [3, 12, 17, 18, 24] . That fertilizer in this experiment increased dramatically soil productivity was consistent with the statements in some literatures [6, 12, 16, 17, 18] . There was a trend that plot's biomass increased with the increase in the amount of fertilizer. The biomass in the treatment N4 was the highest in all fertilizer treatments, with 147.3 g/m 2 .
Water is a core factor and directly link to plant growth and development so that the changes of soil moisture can immediately reflect and affect the formation of vegetation biomass. The results in this experiment showed that irrigation played a vital role in vegetation growth and biomass increasing during growth stage before rain season. The different in biomass among treatments was a statistically significant in the growth stage. But for whole growth period, the data in Table 2 indicated that irrigation treatments all did not affect on the biomass formation. We thought there were two reasons can explain this phenomenon. First, as describe above, the phenomenon resulted from a combination of a limited irrigation, a long irrigation interval and spring drought. And then, plants which live in this area have adapted to the growth model under the continental climate of hot and wet summer. It is the plants with the characteristic of fast growing or quickly recruitment so that the biomass which was lost by water scarcity in early growth stage can reimburse in thermal months. The later need a further study in future.
Through ANOA analysis, the coupling interaction of irrigation and fertilizer was not significant in this experiment. This is not consistent with the results of some literatures in grassland and cropland under irrigation and fertilizer treatments. We thought the following reasons may be explain it. First, the soil in this experiment site was Aeolian soil with a weak ability of soil holding water and a strong ability of Jun 11 soil nutrient leaching. And then surface applying of fertilizer could be reduced the fertilizer efficiency. Finally, the irrigation and fertilizer measures were carried out in spring because of spring drought, but the low temperature of air and soil could is a key factor to control the plant growth and development in that time.
C. The eavpotranspiration and water use efficiency in degraded grassland
Among the water treatments, the eavpotranspiration in the plots of 90mm、60mm、30mm and 0mm was 379mm、 349.9mm、313.2mm and 293.5mm, respectively, and the water use efficiency was 0.28kg/mm·hm For example, the water use efficiency of a cultivated alfalfa was up to 10-11 kg/mm·hm 2 [5, 8] . On the one hand, it was showed the water use efficiency was so low in our experiment area, on the other hand, there was still big potential in water use efficiency to be improved by land management practices in this region.
Based on precipitation described above, 2001 was a relative severe drought year (Fig.1) . The water storage in soil in treatment (W1) was not got a recharge from the current year rainfall but was consumed 42.2 mm by vegetation. And then the 40-year average precipitation during growth period (from April to September) was 333.5mm. Further more, there was not surface flow occurred during experiment. So, the eavpotranspiration in control plot (W1) should be considered the basic evapotranspiration of vegetation of degraded grassland in this region, with 294mm.
